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A b s t r a c t . We have obtained new observations of Stokes I and V profiles of the well-known 
magnetic chemically peculiar (CP) star 53 Camelopardalis, with the spectral resolution R = 
40 000, in the wavelength range 5000-6500 , at six different rotational phases, and we present a 
magnetic model accounting for their (periodic) variation. We have adopted the well-established 
Oblique Rotator Model, which ascribes the variability of the polarized spectra of CP stars to the 
presence of magnetic fields organized on a large-scale, lacking symmetry around the rotat ion axis. 
The magnetic morphology was recovered within the framework of a non axi-symmetric dipole plus 
quadrupole field, with the help of a recently developed modelling technique based on the combined 
interpretation of determinations of the longitudinal field, mean field modulus, and broadband 
linear polarization (taken from published l i terature). The so-recovered magnetic morphology has 
been used as input to a newly written code for spectral synthesis, and the synthetic spectra have 
been compared with the spectropolarimetic observations. The model accounts for strength and 
shape variation of many spectral lines, although — in agreement with previous spectroscopical 
studies of this star — we found that the variation in strength exhibited by lines originated by 
some elements such as Ti and Ca can only be explained in terms of a non-homogeneous element 
distributions over the stellar surface. 

1. Introduction 

Diagnostic tools for magnetic fields of chemically pe-
culiar (CP) stars of the upper main sequence are 
mainly based on the detection of those features of the 
polarized radiation which can be related by means of 
simple relationships to the stellar magnetic topology. 

The theory of line formation in a magnetic atmo-
sphere shows that — under certain assumptions — 
the analysis of the Zeeman effect on the Stokes I and 
V allows determination of some quantit ies such as, 
for instance, the mean longitudinal magnetic field, 
and the mean magnetic field .modulus (see Mathys, 
1999 and references therein for a detailed theoretical 
treatment). The analysis of Stokes Q and U profiles 
provides useful constraints to the transverse compo-
nents of the magnetic field (Mathys, 1999), even when 
the observations are performed in a broadband filter 
(Landolfi et al., 1993). In fact, for the modelling pur-
pose, measurements of broadband linear polarization 
(BBLP) have so far been preferred to observations of 
linear spectropolarimetry, owing to the noise l imita-
tions which often hamper the detection of the mag-

netic signatures in Stokes Q and U profiles. 

These magnetic quantities appear to change pe-
riodically, with the same period as the stellar rota-
tion (as deduced from photometr ic measurements). 
This observed time variation is interpreted in terms 
of a magnetic field not symmetric around the rotation 
axis, so that the observer sees a magnetic configura-
tion which changes as the star rotates. The magnetic 
topology is thought to be organized on a large-scale: 
solar-like magnetic phenomena would hardly be de-
tected in a spectrum which results from integration 
over the stellar-disk. Accordingly, i t makes sense to 
a t tempt a description of the magnetic field with a 
relatively small number of free parameters. 

A technique for modelling the magnetic fields of 
CP stars has been developed in a recent series of 
papers (Bagnulo et al., 1996, Landolfi et al., 1999, 
Bagnulo et al., 2000): the magnetic field is assumed 
to originate from the superposition of a dipole and 
a quadrupole field, and its topology is recovered by 
means of an inversion algorithm which takes into ac-
count the constraints given by all the observed mag-
netic quantities, as well as the projected rotational 
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velocity  a n d  ste l lar  ra d iu s .  A pplicat ions  of  th is  tech-

nique  (e.g.,  B agn u lo  et  al.,  1999,  B agnulo  к  Landolfi, 

1999,  B agnulo  e t  al.,  2000)  have  shown  t h a t  t h e  m a g -

netic  topologies  of  CP  s t a r s  usual ly  exhibit  non  ax-

isym m etric  s t r u c t u r e s ,  r a t h e r  different  from  a  sim-

ple  d ipolar  topology.  F u r t h e r  s tudies  can  be  of  g re a t 

help  in  discovering  m eaningful  re la t ionsh ips  betw een 

th e  m a g n e t ic  field  m o rp h o lo g y  a n d  t h e  d is tr ib u t io n 

of  th e  e lem ents  over  t h e  ste llar  surface,  yielding  ob-

servational  c o n s t r a i n t s  for  t h e  diffusion  theory. 

In  fact,  t h e  m o d el l in g  of  t h e  observed  m a g n e t ic 

quantit ies  is  l im ited  by  a  n u m b e r  of  a p p ro x im a t io n s 

u p o n  which  b o t h  o b serva t io n a l  a n d  m odelling  tech-

niques  are  based .  For  in s ta n c e ,  t h e  in te r p r e ta t io n  of 

Stokes  I  a n d  V  profiles  relies  on  t h e  weak  line  ap-

p ro x im atio n ,  which  is  never  verified  in  t h e  observed 

spectra l  lines.  T h u s ,  a  c o m p ariso n  of  sy n th et ic  versus 

observed  Stokes  profiles  is  h ighly  desirable  in  order  to 

get  m o re  insight  in to  t h e  p ro b le m  of how  realistic  a n d 

reliable  m a g n e t ic  m o d els  o f  C P  s ta r s  ac tu a l ly  a re . 

T h e  presen t  s t u d y  re p re se n ts  a n  a t t e m p t  to  a c -

complish  th is  s te p  t o w a r d s  a  convincing  m odelling 

of  stellar  m a g n e t ic  fields,  p re se n t in g  a  d irect  com-

parison  of  s y n th e t ic  versus  observed I  a n d  V  Stokes 

profiles  for  t h e  well-known  m a g n e t ic  C P  s ta r  53 

C am elo p ard a l is .  A long  t h e  lines  of  a  s t r a te g y  previ-

ously  suggested  by  several  a u t h o r s ,  e.g.,  L a n d s t re e t 

(1988),  Stift  &  G o o ssen s  (1991),  a n d  M a t h y s  (1999), 

we  first  t r ie d  to  give  a  co m b in ed  in t e r p r e t a t io n  of  all 

m agn et ic  q u a n t i t ie s  available  in  t h e  l i te ra tu re ,  recov-

ering  a  n u m b e r  of  m a g n e t i c  m o d e ls  t h a t  served  as 

in p u t  to  a  sp e c tra l  synthesis  code.  T h e  th eoret ica l 

Stokes  profiles  w ere  t h e n  c o m p a r e d  w ith  sp e c tro p o -

larim etric  o bservat io n s  o b t a i n e d  at  t h e  1 m  telescope 

of  t h e  Special  A stro p h y s ic a l  O bservatory . 

2. O bservat ions o f 53 C a m 

2 . 1 . N e w s p e c t r o p o l a r i m e t r y o f 5 3 C a m 

18  s p e c t r a  of  S tokes I  a n d  V ,  sp a n n in g  t h e  r a n g e 

5000-6500  w i th  R  =  4 0 0 0 0 ,  were  o b ta in e d  d u r-

ing  t h e  n igh ts  M a r c h  6  to  8  1999,  April  3  1999  a n d 

April  6  to  7  1999,  w i th  t h e  C o u d e  Echelle  G r a t i n g 

S p e c tro g ra p h  ( C E G S )  a t t a c h e d  t o  t h e  l m  telescope 

at  th e  Special  A stro p h ysica l  O bservatory,  Russia. 

T h e  i n s t r u m e n t a l  configuration  h a s  been  described 

by  M usaev  (1996). 

2 .2 . O t h e r o b s e r v a t i o n a l d a t a 

For  th e  r o t a t i o n  p e r io d  we  a d o p t e d  t h e  value  of 

8.02681  ±  0.00004  o b t a i n e d  by  Hill  et  al.,  (1998) 

by  m e a n s  of  a  first-order  Fourier  expan sion  to  t h e 

observations  o f  t h e  lo n g i tu d in a l  f ie ld .  For  t h e  p r o -

jected  r o t a t io n a l  velocity  L a n d s t r e e t  (1988)  e s t im a te s 

vsini  =  1 3 . 0 ± 1 . 5 k m s
- 1

.  L a n d s t r e e t  (1988)  also  p r o -

vides  an  e s t im a t e  for  t h e  l im b-darkening  coefficient 

(u  =  0.575). 

W i t h  t h e  so-called  p h o to g r a p h ic  tech n iqu e,  eight 

d e t e r m in a t io n s  of  t h e  lo n gitu d in a l  f ie ld  were  o b ta in e d 

by  P r e s t o n  &  Stejneri  (1968),  a n d  four  by  H i ld e b r a n d t 

et  al.,  (1997).  B o r r a  &  L a n d s t r e e t  (1977)  m a d e  18 

observat ions  of  t h e  lo n gitu d in a l  f ie ld  by  m e a n s  of  t h e 

p h o to p o la r im e try .  W i t h  t h e  sa m e  tech n iqu e,  Hill 

et  al.,  (1998)  have  o b ta in e d  17  new  d e t e r m in a t io n s  of 

t h e  lon gitud in a l  f ie ld . 

For  t h e  m e a n  m a g n e t ic  f ie ld  m o d u lu s ,  w e  a d o p t e d 

t h e  set  o f  d a t a  published  by  H u c h r a  (1972)  a n d  by 

M a t h y s  e t  al.,  (1997).  T h e  f irs t  m e a s u r e m e n t  o f  t h e 

m e a n  f ie ld  m o d u l u s  o f  53  C a m  w as  pub l ish ed  by  P r e -

s to n  (1969),  a n d  was  also  inc luded  in  o u r  analysis . 

53  C a m  is  t h e  f irs t  s ta r  to  have  been  m o n i t o r e d  in 

В В L P  t h r o u g h o u t  t h e  entire  r o t a t io n a l  cycle,  w h en 

K e m p  &  W olstencroft  (1974)  o b t a i n e d  32  observa-

tions  in  an  e x te n d e d  J o h n s o n  В  f i l te r .  T h e s e  d a t a 

were  listed  by  Leroy  (1995),  w h o  also  published  27 

o t h e r  observat ions  o b ta in e d  by  himself  in  t h e  s ta n -

d a r d  J o h n s o n  В  filter. 

3. M o d e l l i n g o f t h e observat ions o f 

53 C a m 

W e  a ssu m e  t h a t  t h e  m a g n e t ic  configuration  o f 53  C a m 

can  be  a p p r o x i m a t e d  w ith  t h e  su p erp o s i t io n  of  a 

dipole  a n d  a  q u a d ru p o le  f ie ld,  a rb i t ra r i ly  or iented 

across  t h e  ( ro ta t in g )  s ta r .  T h is  p a r t ic u la r  O blique 

R o t a t o r  M odel  ( O R M ) ,  described  in  B agn u lo  e t  al., 

(1996)  a n d  in  Landolfi  et  al.,  (1998),  generalizes  t h e 

d ipo lar  m odel  first  formalized  by  S t ib b s  (1950)  to  ex-

plain  t h e  variabil ity  of  t h e  observat ions  of  t h e  longi-

tu d in a l  f ie ld  observed  in  m o s t  C P  s ta r s . 

T h e  m odell ing  technique  is  fully  described  in  B a g -

n ulo  e t  al.,  (2000).  I t s  ap p l ica t io n  to  t h e  d a t a  for 

53  C a m  h a s  led  to  o b ta in in g  a b o u t  te n  different  sets 

of  m o d el  p a r a m e t e r s .  All  these  sets  were  in t ro d u c e d 

as  in p u t  to  a  code  for  sp e c tra l  synthesis  (Stift,  1998). 

For  t h e  sp e c tra l  synthesis,  we  have  ta k e n  a  stellar  at-

m o sp h e re  m odel  ca lcu lated  w i th  t h e  K u r u c z '  ATLAS 

code,  a d o p t in g  a  stellar  t e m p e r a t u r e  of  8 500  К  a n d 

log g  =  4.0. 

W e  found  t h a t  t h e  m o d e l  w ith  t h e  lowest  value  of 

t h e  red u c ed  did  not  a c c o u n t  for  our  observations 

of  Stokes I  a n d  V  profiles.  A  m u c h  b e t t e r  a g re e m e n t 

w as  achieved  w i th  a n o th e r  m o d e l ,  c o rre sp o n d in g  to 

a  secondary  m i n i m u m  of  t h e  hypersurface .  Such 

a  m o d el  includes  a  15 kG  dipolar  c o m p o n e n t  a n d  a 

slightly  weaker  q u a d r u p o la r  c o m p o n e n t .  It  will  fully 

be  described  in  a  forthcom ing  p a p e r . 

O u r  sp e c tra l  synthesis  w as  carr ied  o u t  t h r o u g h o u t 

t h e  entire  observed  sp ectra l  ra n g e .  A s  e x p e c te d ,  m a n y 

sp e c tra l  lines  could  n o t  be  identified,  a n d  for  m a n y 

lines  we  found  inconsistency  betw een  t h e  observed 
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strength and the oscillator strength given in the lit -
erature. This is an obvious and well-known problem, 
and a lot of work is in progress to improve our knowl-
edge of the atomic parameters (Kupka et al., 1999). 
A typical example of our results is shown in Fig. 1, 
which shows the model predictions for the spectral 
lines in the spectral region around 6400 . The fig-
ure is organized as follows. The upper panel shows 
the observed Stokes I (dots) together with the model 
predictions (solid lines). The original 18 spectra were 
grouped in six sets of spectra, each of them observed 
on the same night; in fact, only fiv e sets are actu-
ally plotted in Fig. 1. The relevant (average) rotat ion 
phase is indicated on the right side of the plot, and 
defined according to Bagnulo et al., (1996). The lower 
panel refers to the V profile, and is organized in an 
analogous way. 

I t appears that the model adequately represents 
the observed Stokes I and V profiles. On the whole, 
i t is clear that the magnetic intensification plays a 

major role in determining the shape of Stokes I, thus 
caution is required in interpret ing shape and strength 
variation of spectral lines in terms of abundance in-
homogeneities. However, i t seems very likely that the 
strong variation exhibited by lines of certain elements 
(e.g. Ca and Ti) can be explained only in terms of 
abundances patches. 
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